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BACTERIOPHAGE FOR THE TRBATMBMT OF BACTERIAL BIOFILMS 

The present Invention concerns compositions for treating bacterial blofilms using 
bacteriophages, modified bacteriophages, and associated methods and uses of 
5 bacteriophages. 

There is an urgent need in the near future to develop alternative anti-microblals to 
replace antibiotics for treating a whole spectrum of bacterial diseases. Action is 
needed due to an alamriing increase of antibiotic resistance that poses a very real 
10 threatto modem medicine. Intemiittent treatment and the re-emergence of Infection 
tends to create selective pressure towards producing resistant microbial strains, and 
the nature of hospital environments and the sheer number of routine operations make 
the spread of infecHon more hazardous. Additionally, the ease and frequency of 
international travel assists in the spread of resistant bacteria throughout the world 

15 

Many pathogenic microorganisms reside within biofilms, which biofilms cause 
additional problems when designing new anti-microbial agents. In this regard, 
bacteria and fungi growing as a biofilm rather than in free-floating (ie. planktonic) 
forms tend to be particularly resistant to anti-microbial agents and to be particularly 
20 difficult for the host immune system to render an appropriate response. 

Examples of biofilm-associated microbial Infections include infections of:- oral soft 
tissues, teeth and dental implants; middle ear; gastrointestinal tract; urogenital tract; 

ainway/lung tissue; eye; urinary tractprostheses; peritoneal membrane and peritoneal 
dialysis catheters, indwelling catheters for hemodialysis and for chronic 
administration of chemotherapeutic agents (Hickman catheters); cardiac Implants 
such as pacemakers, prosthetic heart valves, ventricular assist devices, and 
synthetic vascular grafts and stents; prostheses. Internal fixation devices, and 
percutaneous sutures; and tracheal and ventilator tubing. Both indwelling and 
30 subcutaneous biomedical implants or devices are potential sites for microbial 
infections and represent important targets for the control of infection, inflammation, 
and the immune response. Biomedical systems such as blood oxygenators, tracheal 
lavage, dental water units, and dialyzers are also susceptible to bacterial 
contamination and biofilm formation. 



25 



wo 2004/062677 ^ • PCT/GB2004/000073 



A biofilm is an accumulation of microorganisms embedded in a matrix of 
polysaccharide. Biofilms may form on solid biological or non-biological surfaces and 
are medically important, accounting for over 80 percent of microbial infections in the 
body. 

5 

Virulence and pathogenicity of microorganisms is often enhanced when growing as 
a biofilm, and new strategies are therefore required to control biofilm formation and 
development. For example. US20002/0037260 describes a system in which an anti- 
microbial agent (eg. an antibiotic) and a biofilm-degrading enzyme (eg. alginate 
1 0 lyase) are each coupled to anchoring molecules, which help localise and maintain 
said agent and enzyme at the site of the biofilm where they can exert their effect. 

However, biofilms are difficult to treat with anti-microblals and bacterial resistance to 
antibiotics is enhanced up to 1000-fold over the level observed when grown under 
planktonic conditions. In addition, biofilms increase the opportunity for gene transfer 
between bacteria and may be significant for the transfer of resistance genes to 
associated susceptible bacteria. Gene transfer can convert a previously avirulent 
strain into a virulent pathogen. 



15 
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New. and more virulent microbial phenotypes may be expressed when growing within 
a biofilm. 



Bacteria embedded within biofilms are resistant to both immunological and non- 
specific defence mechanisms of the body. Contact with a solid surface induces the 
25 expression of a bacterial enzyme, which catalyses the formation of exo- 
polysaccharides that promote colonisation and protection. 

Immune responses are only directed towards those antigens on the outer surface of 
the biofilm. Antibodies and other serum or salivary proteins may fail to penetrate into 
30 the biofilm. Cells within the biofilm remain hidden from antibody and complement 
factor recognition, and thus from subsequent white blood cell phagocytosis. The 
presence of biofilms can modulate cytokine synthesis, and can Interrupt production 
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of antibodies via synthesis of superantigens. Phagocytes are unable to effectively 
engulf a bacterium growing within a complex polysaccharide matrix attached to a 
solid surface. This may result In phagocytes releasing large amounts of pro- 
inflammatory enzymes and cytokines, leading to Inflammation and destruction of 
nearby tissues. 

As bacterial cell density within a biofilm Increases, the bacteria may communicate 
with each other. This can lead to the secretion of low molecular weight molecules 
that signal when the population has reached a critical threshold. This process, called 
quorum sensing, is responsible for the expression of virulence factors. For example. 

Pset/c/omonasaemg/nosaproducesdestructlveproteases when thenumberof these 
bacteria reaches a high enough density in the ainfl/ay biofilms of cystic fibrosis (CF) 
patients. 



Accordingly, alternative curative and prophylactic approaches for tackling microbial 
infections within a biofilm are required. 

Bacteriophage based therapies have been considered In the past for the treatment 
of free-floating (le. planktonic) microbial infections. However, following the discovery 
of antibiotics, phage therapy was eclipsed in the 1 940s, although extensive clinical 
research continued in Eastern Europe. In Russia and Georgia, phage are currently 
produced and marketed by a number of companies for the treatment of enteric 
disorders, bladder infections and post-operative infections. 

In Britain and the United States, there has been renewed interest in the application 
of phage therapy since the 1980s. For example, the successful treatment of 
domestic animals with E. coli infections has been reported by Smith and Muggins 
(1983; 1987), and by Barrow etal. (1998). Phage have been used in treating burns 
infected with P. aeruginosa. Soothill et al (1 994) have demonstrated that skin-grafl 
rejection could be prevented in a guinea pig model by prior treatment with 

Psewc/omonasphage, and in an earlierstudy(Soothlllef a/1992) have demonstrated 
phage mediated protection of mice from a systemic Pseudomonas infection. Biswas 
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etal. (2002) have recently reported the successful bacteriophage mediated rescue 
of bacteremic mice infected with vancomycin resistant Enterococcus faecium. 
Bacteriophage have also been used in the past for treatment of plant diseases, such 
as fireblight as described in US 4,678,750. 

However, none of the above art addresses the treatment of biofilm Infections, which 
account for many cun-ent clinical Infections, and their associated medical conditions 
(see Table 1). 



One of the first studies to examine the interaction of bacteriophage with blofilms was 
reported by Doollttle et al. (1995, 1996). Blofilms of E. coli strains 3000 XIII 
developed on the surfaces of polyvinylchloride coupons in a modified Robbins device 
were Infected and lysed using bacteriophage T4D. Similar studies with phage E79 
Infecting Pseudomonas aeruginosa indicated phage were infecting the surt'ace 
organisms but access to the cells deep in the biofilm was restricted. Temperature 
and nutrient concentration did not appear to affect susceptibility, but low temperature 
and low nutrients did prolong the time for lysis to occur and slowed the spread of 
Infection within the biofilm. The E. coli blofilms were relatively thin (16-30 |jm) 
compared to the P. aeruginosa biofilm (160 |jm). 

Sutherland etal. (1 999) reported that, during the early stages of biofilm development, 
bacteriophage have an effect on biofilm development. Surface decontamination of 
stainless steel and polypropylene contaminated with Listeria monocytogenes was 
evaluated using LIsterlaphage. Phage suspensions at concentrations up to 3.5 x 1 0« 
pfu per ml were found to have an effect In reducing the bacteria! count, which was 
comparable with 20 ppm solution of an industrial sterilizing agent (QUATAL), which 
is a quatemary ammonium compound (Roy et al. 1993). The latter paper also 
describes sterilization methods employing phage suspensions in combination with 
QUATAL. 
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TABLE 1 



infections of disease 



Common biofilm bacterial species 



Nosocomial infections: 

ICU pneumonia 
Sutures 
Exit sites 

Arteriovenous shunts 

Schleral buckles 

Contact lens 

Urinary catheter-cystitis 

Peritoneal dialysis (CARD) 

peritonitis 

lUDs 

Endotracheal tubes 
Hickman catheters 
Central venous catheters 
Mechanical heart valves 
Vascular grafts 
Biliary stent blockage 
Orthopedic devices 
Penile prostheses 

Dental caries 
Periodontitis 
Otitis media 

Musculoskeletal infections 
Necrotizing fasciitis 
Biliary tract infection 
Osteomyelitis 
Bacterial prostatitis 
Native valve endocarditis 
Cystic fibrosis pneumonia 



Gram-negative rods 
Staphylococcus epidermidis and 
Staphylococcus aureus 
S. epidermidis and S. aureus 
S. epidermidis and S, aureus 
Gram-positive cocci 

Pseudomonas aeruginosa and Gram-positive 
cocci 

Escherichia coli and other Gram-negative rods 

A variety of bacteria and fungi 

Actinomyces israelii and many others 

A variety of bacteria and fungi 

S. epidermidis and Candida albicans 

S. epidermidis and others 

S. aureus and S. epidermidis 

Gram-positive cocci 

A variety of enteric bacteria and fungi 

S. aureus and epidennidis 

S. aureus and S. epidermidis 

Acidogenic Gram-positive cocci (eg. 
Streptococcus) 

Gram-negative anaerobic oral bacteria 

Non-typable strains of Haemophilus influenzae 

Gram-positive cocci (eg. staphylococci) 

Group A streptococci 

Enteric bacteria (eg. E. coli) 

Various bacterial and fungal species - often 

mixed 

E. coli and other Gram-negative bacteria 
Viridans group streptococci 
P. aeruginosa and Burkholderia cepacia 



* Abbreviations: CAPD, continuous ambulatory peritoneal dialysis; ICU. intensive 
care unit; lUD, intrauterine device. / . . 



Tait ef 8/(2002) describes another phage -based method for sterilizing work surfaces 
contaminated by a biofilm. In more detail, the authors describe the use of 
compositions containing an Enterobacter strain-specific bacteriophage, and 
compositions containing a polysaccharide deploymerase in combination with a 
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disinfectant for sterilizing worl< surfaces in an industrial environment. 

Bacteriophage SF1 53b, isolated from sewage and able to infect the biofilm-forming 
bacterium Enterobacter agglomerans 53b, was shown to possess a depolymerase 
specific for the exopolysaccharide of strain 53b (Hughes et al., 1998). Using a 
Robbins device, the phage was shown to disrupt the exopolysaccharide (EPS) of a 
mono-species biofiim and to infect the cells. 



Hanlon et al. (2001 ) have recently demonstrated the ability of P. aeruginosa phage 
to diffuse through alginate gels at alginate concentrations up to 8% (wt/vol), and to 
bring about a 2-log reduction In the cell numbers in 20-day-old biofilms of P. 
aeruginosa. Samples of commercial alginate and purified cystic fibrosis (CF) alginate 
were incubated with 2 x 1 0« purified phage per ml for 24 h at 37°C. and the viscosity 
of phage-treated samples were reduced by up to 40% compared to those of controls 
incubated in the absence of phage. The alginate treated with phage had a lower 
molecular weight than untreated alginate, and the evidence suggested that the 
reduction in alginate viscosity was brought about by enzymic degradation derived 
from the bacterial host itself (le. endogenous to the bacterial host cell). 

Of the infections listed in Table 1 , one of the most problematic Infections to treat is 
that of cystic fibrosis pneumonia. 



Most cystic fibrosis (CF) patients suffer from recurrent and chronic end-bronchial 
Pseudomonas aemginosa infections. Inten/ention strategies include eliminating cross 
infection, and early aggressive antibiotic treatment. An inflammatory response occurs 
resulting In a shift of the organism's phenotype from non-mucoid to a mucoid 
phenotype. This alginate-producing phenotype then grows as an endo-bronchial 
biofilm, which is impossible to eradicate through antibiotic therapy. 

There is therefore a need for alternative approaches for the treatment of infectious 
biofilms, preferably those associated with cystic fibrosis. 



0 
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According to a first aspect, the present invention provides a composition for treating 
a bacterial biofilm, comprising a bacteriophage, and a first polysaccharide lyase 
enzyme (eg. an alginate lyase). The first polysaccharide lyase may be absoriaed 
onto the surface of said bacteriophage. The composition may further comprise one 
or more pharmaceutically-acceptable antimicrobial agents (eg. antibiotics, and/or 
. defensins), a second or more polysaccharide lyases (preferably different from the 
first), optionally adsorbed onto the surface of the bacteriophage, and/or a DNase. 
The bacteriophage may encode said first, second or more polysaccharide lyase, said 
DNase. and/or said pharmaceutically-acceptable antimicrobial agent. 

The bacteriophage can penetrate blofilms and Infect biofilm-associated bacteria to 
cause a reduction (eg. by lysis) in bacterial numbers, preferably a reduction of 
between about 1 and 3 logs of bacterial viable counts. Also provided are modified 
bacteriophages, methods of creating modified bacteriophages, compositions for 
treating biofilms comprising bacteriophages, and methods for treating biofilms using 
the bacteriophages and compositions of the invention. 

In the context of the present invention, the term "first polysaccharide lyase" may 
embrace related enzymes known as polysaccharide depolymerases. Moreover, the 
"first polysaccharide lyase" of tfie invention Is exogenous with respect to a target 
bacterium in the targeted biofilm. For example, ttie Tirat polysaccharide lyase" Is 
preferably phage-encoded, phage-associated, or present as a discrete component 
of the composition. 

The following advantages are provided by the present invention, which employs the 
use of a bacteriophage to target and destroy (or protect against the formation of) 
infectious biofilms. 



Phage are self-replicating and self-limiting and may be delivered by aerosol to the 
lungs. The self-replicating property is an advantage when patient compliance 
towards regular drug therapy is poor. 



10 
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Phage may be highly specific in the destruction of theirtargets and. unlike antibiotics, 
do not interfere with natural flora. Combinations of different phage may be employed 
in the present invention. For example, phage cocktails may be tailored to target 
particular bacterial types present in a targeted biofllm. In this regard, different phage 
may be selected to target different (or the same) bacterial strains, species or genera 
present in a targeted blofilm. 

Phage are easy to produce and are a cost-effective form of therapy. 

Phage may be formulated in combination with one or more pharmaceutically- 
acceptable anti-microbial agents. In this regard, combinations of different 
antimicrobial agents may be tailored to target different (or the same) microorganisms, 
which contribute towards morbidity and mortality. The pharmaceuticaliy-acceptable 
anti-microbial agents of the present invention are suitable for internal administration 
to an animal (preferably human), and therefore exclude industrial sterilizing 
chemicals such as detergents, disinfectants, and ammonium-based chemicals (eg. 
quaternary ammonium compounds such as QUATAL). Such sterilizing chemicals are 
typically used in the art for sterilizing Industrial work surfaces (eg. In food processing, 
or hospital environments), and are not suitable for administration to an animal. 

Phage may be used to treat immuno-compromlsed Individuals or patients that have 
an allergy to antibiotics. 

Phage can be stored for very long periods with no obvious loss of activity. 

Phage resistant host strains of Ps. aeruginosa can be identified quickly and new 
varieties of phage can be readily generated to overcome resistance. 

The therapeutic use of phage has been widely used In Eastern Europe for over 60 
years with no reported significant adverse effects. 



bacteriophage preferably targets one or more of the bacteria listed In Table 1. 
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The bacteriophage preferably targets one or more of the bacteria listed in Table 1. 
Particularly preferred bacterial targets include one or more of:- Staphylococcus 
aureus; Haemophilis influenzae; Pseudomonas aemginosa; BurUholderia cepacia; 
Streptococcus pneumoniae; Stenotrophomonas maltophilia; Alcaligenes 
5 xylosoxidans; non-tuberculous mycobacteria; Mycobacterium bovis; Mycobacterium 
smegmatis; Mycobacterium tuberculosis; Buri<holderia multivorans; Buri<holderia 
stablis; and Buri<holderia vietnamesis. In terms of simple nomenclature, the 
bacteriophages are usually identified by reference to the bacteria that they infect. 
Thus, a bacteriophage that Infects a mycobacterium may be referred to as a 
10 mycobacteriophage. 

The present invention is preferably concerned with the treatment of biofilm- 
associated opportunistic infections, and particularly with the treatment of such 
infections in lung biofilms (eg. those associated with CF patients). Thus, the highly 
15 preferred bacterial targets of the present invention are Pseudomonas sp. and/or 
Buri<holderia sp., especially Ps. aemginosa and/or B. cepacia. 

Preferred bacteriophage for use against the above bacterial targets have a high 
affinity for the bacterial target strain, and a high burst size. Said phage preferable 
encode a polysaccharide lyase (eg. an alginate lyase). Where the bacterial target is 
Ps. aemginosa, preferred bacteriophage include (PGH4, cpGHB, cDGHI 3 and cDGH14. 

A biofilm matrix typically comprises a high proportion of water (see Table 2). although 
this would depend on the specific biofilm system examined. Apart from water and 
microbial cells, the biofilm matrix is a complex of absorbed nutrients and metabolites, 
products from cell lysis, particulate material from the immediately surrounding area 
and secreted polymers. All major classes of macromolecules, protein, 
polysaccharides, DNA and RNA can be present in addition to peptldoglycan, lipids 
and other cell components. 



20 
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Table 2 - Typical Range of Biofilm Matrix Composition 
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Component % of matrix 

Water up to 97% 

Microbial cells 2-5% 

Polysaccliarides 1-2% 

Proteins < -|_2% 

DNA and RNA < ■].2% 

Ions (bound and free) i q/q 



The production of exopolysaccharides (EPS) is essential to the development of the 
architecture of the biofilm. It provides a framework into which microbial cells are 
inserted, and may also serve as a nutrient source for sessile cells. 



In use of the present invention, a polysaccharide lyase enzyme is preferably selected 
such that it is capable of breaking down a component of the biofilm of interest. It Is 
particularly preferred that the enzyme Is capable of breaking down a component of 
the biofilm that is produced by a bacterium associated with (eg. residing within) the 
biofilm. 



Alginate is the major extracellular product of biofllm-fomiing bacteria such as mucoid 
strains of Ps. aeruginosa. The latter chronically colonise the cystic fibrosis (CF) 
pulmonary cavity, and the resulting alginate glycocalyx acts as a barrier for Ps. 
aeruginosa sessile cells to antimicrobial agents and host defences. Thus, the mucoid 
form of Ps. aemginosa is much more difficult to treat and is invariably associated with 
a poor prognosis for CF patients. Novel methods of eradicating this mucoid form of 
the organism are therefore essential for successful treatment of these chronic 
infections. 



Alginate is a linear polysaccharide comprised of 1-4 linked p-O-mannuronic acid (M) 
(O-acetyl substitution on 2 and/or 3 position) and a-L-guluronic acid (G) monomers, 
which can either be arranged in homopolymeric (poly-guluronate GGGG, poly- 
mannuronate MMMM) or heterpolymeric (random sequences MGMG) regions. 
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Structures) may be present within a single alginate molecule. Thus, the preferred "first 
polysaccharide lyase" of the present invention is an alginate lyase and has a high 
affinity for at least one of (preferably both) M and G rich regions. The lyase may be 
encoded by the phage of the present invention, or may be exogenous with respect 
to the phage. It is also beneficial for the lyase to exhibit endo-cleaving activity (i.e. it 
can break up long linear alginate chains within their complex blocks of monomeric 
units, as opposed to exolytic activity In which monomers are removed from the ends 
of the polymer), thus breaking down the viscous long chained polymer Into more 
aqueous oligosaccharide shorter chain products. 

The presence of a DNase may help to break down DNA from dead patient host cells 
(eg. lung epithelial cells) within a biofilm. and may help to dissolve mucus 
components associated with a biofilm. 



Defensins are a group of gene-encoded antimicrobial peptides that have been 
identified from a diverse range of organisms, such as vertebrates, invertebrates, 
plants and bacteria. In mammals, defensins are part of the Innate host defence 
mechanism and are present In phagocytic cells and epithelial cells. They show a 
potent activity towards microorganisms, and are particularly useful for targeting 
antibiotic resistant bacteria [see Hancock. R.E. and Chappie, D.S. (1999) 
Antimicrobial Agents and Chemotherapy, vol. 43. No. 6, pp. 1317-1323]. 

By way of example, the following defensins are suitable for use in the present 
Invention:- 

gramlcidin S; bacitracin; polymyxin B; a-defensin (eg. rabbit source); P-defensin (eg. 
human source): tachyplesin (eg. crab source); bactenecin (eg. cattle source); 
cecropin A (eg. silk moth source); Indollcidin (eg. cattle source); and nisin (eg. 
bacterial source). The term "defensin" embraces synthetic peptides having 
antimicrobial activity, which may be employed in the present invention. Examples of 
such synthetic peptides are provided in the above mentioned review by Hancock 
(1 999). Of particular mention is the polymyxin family of antimicrobial polypeptides, 
especially polymyxin E (ie. Colistin) and polymyxin B. 
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(1 999). Of particular mention is the polymyxin family of antimicrobial polypeptides, 
especially polymyxin E (ie. Colistin) and polymyxin B. 

Defensins (eg. polymyxins) are bactericidal in preferred concentrations of up to 8 pg 
5 m|-\ more preferably 1-5 pg ml \ 

Preferred defensins are those that attach to bacterial cell membranes (especially 
those rich in phosphatldylethanolamlne). and disrupt the osmotic properties and 
transport mechanisms of the membrane. 
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Further examples of defensins. which are suitable for use in the present invention 
are provided by US 5.242.902. US 5.641.497. W089/11291. W094/21672 
U"2002/0037260. and W095/32287. 

Antibiotics are well known in the art. and may be employed in the present Invention. 
Of particular mention is the aminoglycoside family of antibiotics, which were originally 
obtained from Streptomyoes species, and In particular tobramycin. Antibiotics (eg. 
tobramycin) are bactericidal in preferred concentrations of up to 8 pg ml"^ more 
preferably 1-5 pg ml- A typical antibiotic dosage regime according to the present 
invention for treating CF patients Is the administration of 80 mg of antibiotic 
preferably tobramycin, by nebullsation twice a day. As there is little adsorption from 
the mucosa, serum levels of tobramycin are unmeasurable. Further examples of 
anttibiotics. which are suitable for use in the present invention, are provided by 
US2002/0037260. 

According to one embodiment of the Invention, the antibiotic acts by inhibition of 
ribosomal protein synthesis. Preferred antibiotics according to this embodiment are 
members of the aminoglycoside family. A particularly preferred antibiotic according 
to this embodiment is tobramycin. 

Another preferred class of antibiotics is the Polymxin family, particularly Polymyxins 
E (Colistin) and B. Colistin is bactericidal for Gram-negative bacilli including 
Pseudomonas spp. in preferred concentrations of up to 8 pg m|-\ more preferably 
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1 -5 Mg m|-\ Polymyxins, such as Colistin. are preferably used as topical agents due 
to poor absorption of these antibiotics from the gut. It is prefen-ed that Colistin Is 
administered as of Colistin sulphate, which is the stable water-soluble form. A typical 
dosage regime for CF patients is the administration of 2 mega units of Colistin by 
5 nebulisation twice a day. As there is little adsorption from the mucosa, serum levels 
of Colistin are unmeasurable. 
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According to one embodiment of the invention, the preferred antibiotic acts by 
attachment to bacterial cell membranes rich in phosphatidylethanolamine and 
disruption of the osmotic properties and transport mechanisms of the membrane. 
Preferred antibiotics according to this embodiment are members of the Polymyxin 
family, particularly Colistin. 
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Further antibiotics of particular mention are ciprofloxacin (preferably administered 
orally) and ceftazidime (preferably administered intravenously). 

The bacteriophage may be a wide spectrum phage. For example, it may target 
several different species within a given genus, or may even target bacteria within 
different genera. Alternatively, the bacteriophage may be a narrow spectrum phage. 
For example, it may be specific to a given bacterial genus, species, or strain. The 
bacteriophage is capable of infecting a bacterium present In the blofilm of interest. 



In a most preferred embodiment the invention provides a composition for treating a 
lung biofilm in a CF patient, preferably a biofilm comprising Pseudomonas 
25 aeruginosa and/or Burkholderia cepacia. The composition according to this 
embodiment preferably comprises a bacteriophage that encodes a polysaccharide 
lyase, preferably an alginate lyase enzyme. Alternatively, the enzyme may be 
provided exogenously. 

30 A preferred bacteriophage according to the present invention is a bacteriophage 
selected from the GH group of phage such as GH4. GH6. GH13. GH14 (ECACC 
accession numbers 02121203. 02121202. 02121201. and 02121204 respectively. 
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deposited by the applicant In ECACC on 12 December 2002). A particularly 
preferred phage is bacteriophage <|)GH4. 

Also provided is use of the composition in manufacture of a medicament for 
treatment of a bacterial biofilm. A prefenred target is a lung biofilm in a CF patient. 

Preferably the medicament is administered in more than one dose, more preferably 
in at least 3 separate doses (eg. per day). It is also preferred that administration of 
the medicament results in a reduction in the bacterial cell count of the biofilm of at 
least one log, preferably at least three logs. 

According to a second aspect, the invention provides a bacteriophage comprising a 
heterologous gene encoding a polysaccharide lyase enzyme (eg. an alginate lyase). 
Preferably, the bacteriophage specifically infects a bacterial species or strain present 
in the biofilm. The polysaccharide lyase encoded by the modified bacteriophage 
should preferably degrade a specific polysaccharide produced by a bacterial species 
or strain present in the biofilm. In a particulariy preferred embodiment, the biofilm 
comprises Ps. aeruginosa and/or B. cepia. 

The bacteriophage may optionally comprise more than one hetererologous gene 
encoding more than one polysaccharide lyase (eg. an alginate lyase). Said enzymes 
are preferably different, and therefore degrade different exopolysaccharide (EPS) 
components of a biofilm. The temns EPS and polysaccharide are used 
interchangeably in the biofilm context of the present Invention. The bacteriophage 
may also encode a DNase. and/or a pharmaceutically-acceptable antimicrobial agent 
(eg. an antibiotic, and/or defensin). 

The modified/recombinant bacteriophage, like the "composition" firet aspect of the 
present invention, may be used to treat biofilms such as those resulting from 
opportunistic bacterial infections. For example, chronic lung infections in CF patients 
may be treated. In particular, the modified/recombinant bacteriophage may be used 
as part of the "composition" aspect, and thus may be employed with one or more 
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pharmaceutically-acceptable antimicrobial agents, a second or further (preferably 
different) polysaccharide lyase enzyme (eg. an alginate lyase), and/or a DNase. 

In another embodiment, the "composition" aspect may include two or more 
5 modified/recombinant bacteriophage. For example, the composition may Include a 
first and second bacteriophage, wherein the first bacteriophage comprises a gene 
encoding a first polysaccharide lyase enzyme, and the second bacteriophage 
comprises a gene encoding a second polysaccharide lyase enzyme, and wherein the 
first and second polysaccharide lyase enzymes are not the same. The first and 
1 0 second bacteriophage may be the same or different. 
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In a related "composition" embodiment, a cocktail of naturally-occurring and 
modified/recombinant bacteriophages may be employed in combination. The first 
polysaccharide lyase may be provided exogenously or may be encoded by one or 
more of the bacteriophage, and additional (preferably different) lyases may be 
included. Not all bacteriophage employed in a composition of the present invention 
need encode a polysaccharide lyase. Such bacteriophage may possess, for 
example, enhanced bacteriolytic activity vis-a-vis other bacteriophage with respect 
to biofilm-associated bacteria. 

20 

Other bacteriophage suitable for use in the present invention are publicly available 
from the American Type Culture Collection and have the following accession 
numbers ATCC 12055-B1, ATCC 12055-B2. ATCC 12055-B3, ATCC 14205-81 
ATCC 14206-81. ATCC 14207-81. ATCC 14209-81. ATCC 14210-81 ATCC 1421 1^ 
25 81. ATCC 14212-81. ATCC 14213-81. ATCC 14214-81. ATCC 15692-82 ATCC 
15692-83. ATCC 25102-81 . ATCC 8AA-26-81 . ATCC 8AA-27-81 , ATCC BAA-28. 
81. ATCC 8AA-28-82. ATCC BAA-29-81. ATCC BAA-30-81. ATCC 8AA-31-81. 
ATCC 8AA-47-81. ATCC 8AA-79.81. ATCC 8AA-81-81. and ATCC 8AA-81-82.' 

30 The invention also provides a method of making a modified/recombinant 
bacteriophage capable of degrading a biofilm comprising:- 
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a) selecting at least one gene encoding a polysaccharide lyase enzyme that 
degrades a polysaccharide within said biofilm; 

b) selecting a bacteriophage that is capable of infecting a bacterial species or 
strain residing within the biofilm; and 

5 c) introducing at least one of the genes selected in step a) into the 

bacteriophage nucleic acid (eg. DNA). 

In one embodiment, the bacteriophage is selected from the group consisting of GH4 
GH6, GH13. GH14 (ECACC accession numbers 02121203. 02121202. 02121201 
10 and 02121204). orbacteriophage having accession numbers ATCC 12055-B1 ATCC 
12055-B2. ATCC 12055-B3. ATCC 14205-81. ATCC 14206-B1. ATCC 14207-B1 

ATCC14209-B1.ATCC14210-B1.ATCC14211-B1.ATCC14212-B1.ATCC14213- 
B1. ATCC 14214-B1. ATCC 15692-B2. ATCC 15692-B3. ATCC 25102-B1 ATCC 
BAA-26-B1. ATCC BAA-27-B1. ATCC BAA-28-B1. ATCC BAA-28-B2 ATCC BAA- 

29-B1.ATCCBAA-30-B1.ATCCBAA-31-B1.ATCCBAA-47-B1.ATCCBAA-79-B1 
ATCC BAA-81 -B1 . and ATCC BAA-81 -B2. 

In a preferred embodiment, the polysaccharide lyase enzyme is an alginate lyase 
The modified phage is preferably capable of infecting (eg. lysing) a bacterium 
selected from Ps. aeruginosa and/or Burkholderia cepacia. 

The method may include analysis of the biofilm to identify a bacterial species or strain 
within the biofilm. The biofilm is preferably a clinical sample, such as a sample taken 
from an infected patient (eg. a lung sample taken from a CF patient). 

In a preferred embodiment the bacteriophage is specific for a bacterial species or 
strain present In the biofilm. 
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20 



30 



In one embodiment the polysaccharide lyase enzyme recited in step a) may be 
selected by use of a bank of specific enzymes, which may be tested individually on 

thebiofilmfordegradativeactivity.Thereafter.biofllmdegradationmaybeconfimied 
by turbimetric analysis, viscometry, or chromatographic analysis. 
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In a further (or simultaneous) method step, one or more genes encoding a second 
polysaccharide lyase, and/or a pharmaceutically-acceptable antimicrobial agent, 
and/or a DNase may be introduced into the bacteriophage nucleic acid. 

It is preferred that the efficacy of the modified bacteriophage be tested in vitro prior 
to use against infections in a clinical context. 

A bacteriophage prepared as above may be employed in the treatment of a biofilm- 
associated microbial infection as described In the preceding aspects of the present 
invention. 

According to further aspect the invention provides a method of identifying a 
bacteriophage for use in treatment of a biofilm-associated microbial infection, which 
method comprises:- 

a) identifying a bacteriophage that is capable of infecting a bacterial species 
or strain with said biofilm; and 

b) confirming that said bacteriophage encodes a polysaccharide lyase that 
degrades a polysaccharide within the biofilm. 

in a preferred embodiment, the polysaccharide lyase enzyme is an alginate lyase. 
The phage Is preferably capable of infecting (eg. lysing) a bacterium selected from 
Ps. aeruginosa and/or Burldiolderia cepacia. 

The method may include analysis of the biofilm to identify a bacterial species or strain 
within the biofilm, and/or a polysaccharide component within the biofilm or a 
polysaccharide produced by the microorganisms of the biofilm. 

The presence of polysaccharide lyase enzyme activity may be confirmed by 
monitoring biofilm degradation (eg. by turbimetric analysis, viscometry, or 
chromatographic analysis). 
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The biofilm is preferably a clinical sample, such as a sample taken from an infected 
patient (eg. a lung sample taken from a CF patient). 

In a preferred embodiment the bacteriophage is specific for a bacterial species or 
5 strain present in the biofilm. 

The identified bacteriophage may be modified according to the second aspect of the 
invention so that it encodes a further polysaccharide lyase, an antibiotic, a DNase, 
and/or a defensin. 

10 

The method may include a further step of testing the efficacy of the selected 
bacteriophage against a sample of the biofilm in vitro. 

Said bacteriophage may be employed in the treatment of a biofilm-associated 
1 5 microbial infection as described in the preceding aspects of the present invention. 

According to another aspect of the present invention there is provided a method of 
treating biofilm-associated infections. 

20 In operation, the method involves administration of at least one dose, preferably at 
least three doses, of bacteriophage plus first polysaccharide lyase to the site of 
infection. Administration is preferably via aerosol delivery. The phage and firet 
polysaccharide may be administered at the same time, prior to, or subsequently to 
one another. 

25 

According to a preferred aerosol delivery embodiment, the particle size In the aerosol 
is between 100 pm and 1 pm. In more detail, a particle size of approximately 60 pm 
targets biofilms in the upper respiratory tract, whereas a particle size of 2-4 pm 
targets biofilms at or near the alveoli. Thus, the aerosol may have a broad delivery 
30 range (ie. contain particles of 1 -1 00 pm), or may have a nan-ow delivery range (eg. 
2-20 pm for targeting the lower ainways, or 40-100 pm for targeting the upper 
ainA/ays). 
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antiblotic, a DNase and/or a defensin. either at the same time, prior to. or 
subsequently to administration of the bacteriophage. 

In one embodiment, the repeated use of phage and polysaccharide lyase, optionally 
5 plus a phamiaceutically-acceptable antimicrobial agent (eg. an antibiotic, and/or 
defensin), is employed. 

The medical treatment aspect of the present Invention has particular benefits in 
treating CF patients and helps to prevent the re-colonisation of parts of the lung by 
\ 0 cells that have been released from the biofilm. 

The above prophylactic or curative method is particularly suitable for treatment of 
biofilm infections of the lung and gastrointestinal tract, and biofilms present on 
medical devices such as catheters, intra-vascular devices, prosthetic devices and 
5 dental implants. In particular, biofilm disruption according to the present invention 
enables access of antimicrobial agents (eg. antibiotics, and/or defensins) and other 
phage to microorganisms residing deep within said biofilm. Such access Is not 
othenvise possible with the isolated use of an antimicrobial agent. 

The invention is illustrated by the following drawings, in which: 

Figure 1: shows growth dynamics of control and bacteriophage infected Ps. 
aeruginosa biofilm cells in which the biofilm was infected with 1 dose of 
bacteriophage (10 ml of 10« plaque fomiing units per ml {pfu ml"^}); 

Figure 2: shows growth dynamics of control and bacteriophage infected Ps. 
aeruginosa biofilm and planktonic cells in which the biofilm was infected with 4 doses 
of bacteriophage (10 ml of 10^ pfu ml"^ every six hours for the first 18 h of 
experiment); 



Figures: shows growth dynamics of control and tobramycin dosed Ps. 
aemginosa biofilm and planktonic cells In which the biofilm was infected with 4 doses 
of tobramycin at the minimal Inhibition concentration (4 mg L""); and 
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Figure 4: shows groNArth dynamics of control and bacteriophage/tobramycin dosed 
Ps. aeruginosa biofilm and planktonic cells in which the biofilm was Infected with 4 
doses of bacteriophage (10^°) suspended in 10ml of tobramycin at the minimal 
5 inhibition concentration (4 mg L'^). 

Figure 5: shows in vivo control of a Ps. aemginosa biofilm infection in mice. The 
mice were infected with Ps. aemginosa and the Infection allowed to become 
established. On day 1 0 post-infection, the mice were treated with aerosolised phage, 
and the number of infecting Ps. aemginosa then monitored at 6 and 24 hours post- 
aerosol challenge. The results showa 3.75 Log CFU.mM decrease in Ps. aemginosa 
numbers after challenge with bacteriophage. 

Example 1 - Operation of a Chemostat and Robbins Device for Continuous 
1 5 Culture of Pseudomonas aeruginosa for Biofilm Investigation 

The present invention allows the isolation and characterisation of bacteriophage that 
are able to lyse clinical Ps. aemginosa isolates. Bacteriophage are characterised with 
regard to their potential virulence based on assessment of host range, burst size and 
20 efficiency of lysis. The ability of selected phage to lyse sensitive host strains in 
sputum samples is evaluated and these phage evaluated further In an in vitro biofilm 
model simulating infection with mucoid and non-mucold strains. 

The present Invention preferably relates to specific bacteriophage, which offer the 
25 potential to control Ps. aemginosa induced biofilm fomiation and. in particular, 
biofilms involving the more aggressive drug resistant bacterial species that contribute 
significantly to morbidity and mortality in OF patients. 

Background 

30 A chemostat system has been developed to generate continuous Pseudomonas 
aemginosa culture. The culture provide inocula for biofilm studies using a Robbins 
device. 
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The chemostat vessel consists of a 2-litre glass vessel with titanium top plates. The 
plate is fitted with various probes (pH. temperature and Redox) which allow the 
physical parameters within the vessel to be monitored and maintained under defined 
controlled conditions. A FT Applikon fermenter controller regulates these 
environmental conditions. 



A Robbins device is used to study biofilm fomnation. The device provides quantifiable 
samples of biofilms growing on submerged surfaces in an aqueous environment 
which can be monitored over a time course. It consists of a hollow rectangular acrylic 
tube with twenty five evenly spaced sampling ports. Each port allows insertion of a 
sampling stud that contains a polyvinyl chloride (PVC) disk that lies flush to the upper 
surface of the lumen. The continuous culture is pumped through the Robbins device 
and biofilms are formed on the surface of PVC disks exposed to the culture. A series 
of Robbins devices may be run in each experiment. This allows the evaluation of 
different regimes to reduce biofilm development under identical controlled conditions. 

1 . C omponents of the Culture Svstem 

* ACDP class III microbiological safety cabinet 

* Two litre glass chemostat vessel with a titanium top plate housed within the 
category III cabinet 

* Stirrer housed within the class III microbiological safety cabinet 

* Robbins Device (s) fastened to a Robbins device heater (Anglicon) housed within 
the class III microbiological safety cabinet 

* 20 litre glass medium reservoir housed outside the class III microbiological safety 
cabinet 

* 5 litre glass main effluent reservoir housed within the class IK microbiological safety 
cabinet 

* 1 litre glass efHuent reservoirs connected to individual Robbins devices housed 
within the class III microbiological safety cabinet 

* Glass alkaline reservoir housed outside the class III microbiological safety cabinet 

* Applikon controller unit housed outside the class III microbiological safety cabinet 
(pH, temperature and Redox probes fitted within the chemostat) 
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* Stand-alone personal computer housed outside the class ill microbiological safety 
cabinet 



Operation and Monitoring of the nhamncfot 



i. A 1 0-ml aliquot of an 1 8 hour culture of Pseudomonas aeruginosa, at approximately 
108 cfu per ml. was used to inoculate the sterile growth media within the chemostat. 
The inocula was introduced into the chemostat through the sample port in the top 
plate. 

li. Following inoculation, the chemostat was operated as a batch culture for 4 h to 
allow establishment of the culture. 

iii. Medium addition (y^ strength nutrient broth. Oxoid) was commenced at the desired 
flow rate (1 ml per min) and the effluent pump was activated. The flow rate of the 
effluent pump was the same as the inflow pump. The effluent tubing bypassed the 
Robbins devices leading straight to the main waste reservoir. 

iv. The continuous chemostat was run for a predetemilned time until a steady state 
was attained (96-hours). At this stage, the tubes leading to the Robbins devices were 
positioned onto the multi-head pump, thus instigating culture flow through the 
Robbins devices. 

V. Planlctonic culture samples (<5 ml) were removed from the chemostat daily for 
verification of pH and total viable counts, using a hand held vacuum pump connected 
to a sample port universal container. 

vi. The area around the apparatus was checked twice daily (morning and afternoon) 
for spillage, and the vessel and tubing examined for leaks or splits. 

vii. The medium, effluent and culture volumes were recorded on the run sheet and 
the flow rates calculated accordingly. The volume in the alkali reservoir was also 
recorded. 



3. Robbins Devir.f> 



Upstream of each Robbins device inlet tubes have a T junction. One line was 
designated as an inlet port (Port A) and is connected either to the chemostat or a 
sterile media reservoir. The other line was an inoculation port (Port B) that allowed 
the inoculation of the Robbins lumen with test agents. 
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Outlet tubes downstream of the Robbins device also have a 'Y' junction. One line was 
designated waste and led to a Robbins device waste reservoir (Port C). The other 
line led to a sterile universal container (UC) and was used to collect planktonic 
samples from the Robbins device lumen (Port D). 

During initial biofilm development, the inoculation and planktonic sample ports were 
clamped (ports B and D) and the inlet line (A) was connected to the chemostat. 

(i) Steady state culture was flowed through the Robbins device at 1 ml per min for a 
set time (24-hours) to allow the establishment of a biofilm on the PVC disks. At this 
time point, the multi-head pump was switched off, culture inlet tubing clamped and 
subsequently disconnected fi-om the Robbins device at port A. 

(ii) Tubing leading from the sterile growth media tubing was then connected to the 
Robbins device inlet port (A). The clamp on the media tubing was removed and the 
multi-head pump turned back on and allowed to run until the culture in the Robbins 
device lumen was replaced with V4 strength nutrient broth. 

At this time point, studs (x 3) were removed from the Robbins to enumerate biofilm 
density. 

(iii) The multi-head pump was turned off and the inlet and outlet tubing clamped. 

(iv) A stud was gently removed from Robbins device port and replaced with a sterile 
stud. 

(v) The PVC coupon was carefully detached from the stud by unscrewing the 
retaining screw. 

(vi) Holding the coupon with forceps, the underside of the coupon was rinsed in 1 ml 
sterile phosphate buffered saline (PBS) to remove loosely adhered cells. 

(vii) The coupon was placed in 1 ml PBS contained in a eppendorf, sonicated for 3 
min at 60 W, then vortex mixed for 2 mIn to disrupt the biofilm. 

(vlii) The coupon was aseptically removed to 5% sodium hypochlorite and the 
suspension serially diluted in sterile PBS up to 10-8. 

(ix) The total viable count (cfu) of the biofilm population was detennined using the 
method of Miles and Misra on tryptone soya agar (TSA). 
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The biofilm was then infected with bacteriophage / tobramycin or both 
simultaneously. 



0 



(X) With the media inlet port clamped (A), a 20 ml syringe containing 10 ml of 
bacteriophage at 10« pfu per ml (or tobramycin) was aseptically connected to the 
inoculation port (B). 

(xi) The clamp was removed from the inoculation port (B) and the planktonic sample 
outlet port (D). and the bacteriophage suspension / tobramycin solution injected into 
the Robbins device lumen. 

(xil) Inoculation (B) and planktonic (D) ports were re-clamped and the device was left 
for 20 min to allow phage infection/tobramycin absorption of the biofilm. 
(xlii) Following 20 min. the media inlet and waste reservoir clamps were released and 
the multi-head pump started to re-initiating flow of sterile media. 

At predetermined time intervals (1h. 2h. 4h. 6h. 8h. 12h. 18h. 24h and 48h) studs 
were removed from the Robbins device and replaced with sterile studs as stated in 
process iii - iv. Coupons were detached from the studs, sonicated and vortex mixed 
to remove biofilm as in process v - vii. Planktonic and biofilm associated bacteria and 
phage were then enumerated as stated below: 

(xiv) The coupon was aseptically removed from the suspension to 5% sodium 
hypochlorite. An aliquot (250 pi) of the suspension was taken for centrifugation 
(13000 rpm for 5 min) and the supernatant, containing phage, serially diluted to 1 0-«. 
Phage titre was then detennined using agar overlay plates with the corresponding 
host strain (section 4). 

(XV) To the remaining suspension (750 mO, an adequate volume of ferrous 
ammonium sulphate (FAS) was introduced in order to achieve a 10 mM 
concentration and left for 1 0 min. This compound neutralises the free phage particles 
in the suspension, without effecting bacterial viability. The suspension was then 
serially diluted in sterile PBS up to lO"*. 

(xvi) The total viable count (cfu) of the bacterial biofilm population was then 
detemnined using the method of Miles and Misra on tryptone soya agar. 
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^ Calculatio n of bacteriophage titrfi 

Bacteriophage titre was calculated using an agar overlay Infection with exponentially 
grown Ps. aeruginosa. 

Preparation of log phase culture 

(i) A test Ps. aeruginosa strain was streaked out onto a fresh TSA plate from a 
storage slope and incubated overnight (18 h) at 37°C. 

(il) F°"owingincubation.thetestPs.aen/g/nosastrain(2-3isolatedcolonies)was 
inoculated into 100 ml tryptone soya broth and incubated for 4 h at Src with orbital 
aeration. 



Agar overlay method 

(V) Soft agar, which had been prepared earlier, was re-melted and allowed to cool 

in a water bath set at 45°C. 

(VI) Sterile tubes (1 2 mm diameter) were placed in a heating block set at 45X and 
left to acclimatise for 10 min. 

(vii) Aliquots (2.5 ml) of soft agar were pipetted into each tube, followed by 500 pi 
of the 4 hour Ps. aemginosa suspension and 100 pi of the serially diluted phage 
preparation. Controls were also prepared which contained soft agar only and soft 
agar and bacteria. 

(viii) The suspensions were mixed then poured over pre-dried TSA plates The 
plates were rocked gently to ensure a unifomi layer of suspension, then left to dry on 
a level surface (20 mins). Once dried, the plates were incubated for 18 h at 37X. 

Following incubation, plates were then examined and the number of plaque fonning 
units per ml recorded (pfu per ml). 

Summary of Results 



Biofilms of mucoid Ps. aemginosa developed using a Robbins device were shown 
to be degraded by the administration of alg L canrying phage. Figures 1 and 2 show 
the effect of single (10-10 pfu per ml) and multiple doses (4 x 10-10 pfu per ml) of 
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bacteriophage FGH4 on Ps. aeruginosa GH56 biofllms over a 24 hour period, which 
resulted in one and three Log reductions in biofilm populations respectively. 

A series of multiple dose experiments were perfomied to compare the efficacy of 
brofilm removal with phage against tobramycin, a front line aminoglycoside antibiotic 
used to treat CF patients. Resultant data showed that four applications at the minimal 
inhibition concentration (MIC) over a 24 hour period had no significant effect on the 
Ps. aeruginosa sessile population (Figure 3). This experiment was repeated with 
tobramycin at 10 x MIC and again had no significant effect on biofilm viability. 

A combined regime of phage cDGH4 and tobramycin at the MIC level (Figure 4) 
indicated a three-log reduction in biofilm cells, accompanied by a significant decrease 
.n viability of released biofilm cells. Cells released through the action of phage 
disrupting the biofilm become susceptible to antibiotic activity. 

RESULTS 

A) Isolation of lytic bacteriophage against clinical Ps. aemginosa strains: 

Clinical samples were collected fl-om Liverpool Medical School and screened against 
our 22 clinical Ps. aeruginosa strains and two control strains (NCTC 6750 ATCC 
27853). A further 9 lytic bacteriophage were obtained from this study thus bringing 
the cunrent phage collection to twenty. All Isolated phage were enriched against their 
corresponding host and subsequently stored at 4X and -70X. 

B) Alginate lysis: 



At least three of the phage in the collection appeared to exhibit putative alginase 
activrty. Using a turbldimetric procedure developed by KItamikado etal (1990) we 
have confirmed that these phage mediate the production of alginate lyase during the 
lytic cycle. The enzyme is present in phage induced cell lysates but is not found in 
uninfected cell lysates or in purified phage preparations. 
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C) In v'rtro biofilm model: 

Biofilms Of mucoid P.. aeruginosa developed using a Robbins device we,« shown 
to be degraded by «,e administraSon of pl,age. Figu,«s 1 and 2 show *e effect of 
5 s,ngle(10 Pf" ml ') and mumple doses (4 x 10'« pfu ml -) of bactenophase *GH4 
on Po. „osa GH66 biofllms over a 48 hour period, which resuted In one and 
three log reducOons In biofilm populations respectiveV. 

10 ^°™--mova,wtthphageagains.tob.amy<.„,af,.nt,lneaminogly^^^ 

inht. °f ---a, 

.nh,b,t,on concent^tion (MIC) and 10 x MIC Tobramycin over a 48 hour period had 
no signtficant eflect on the Ps. aewgk,osa sessile population. 

16 V«,en a dual Infection regime of *GH4 and MIC tobramycin was iBsted a ,h,«e^og 
reduct»n ,n biofilm ceils was accompanied by a signiflcant decrease in viability of 
reteased b,oflim cells (i.e. P.. een,g,nosa ceils reteased from the biofilm though le 
action of phage breaking open the biofilm). 

20 D) Stability and lytic activity of phage in sputum: 

To ensure etfecflvetTBatmen. of cystic fibrosis pulmona^ Ps. aen^lnosa infecBons 
ba^er.pageshouldexhibl.lytioac«vityin««v^^ 

25 «H56 -d Phage <rGH4 in sputum ^fre. of Indigenous Ps. .eruglnoss) recovered 

fromCFpabentsshowedthatthephageremainsstableandretalnsgreaterthanSO"/. 
lybo acbvity. Similar results were obtained with ly«c infections performed in 5% 
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E) Stability and lytic activity of phage following aerosolisation: 

Delivery of phage to the CF lung preferably takes the fbm, of a nonnnvasive 
inhalation system. Phage should therefore retain viabBity following aeresollsation A 
Colison nebuliser coupled to a Henderson Appaiatus was used to aer^lise a 
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specific volume of a known titre of phage a>GH4. This process generates aerosols 
in the region of 4 mm which are the optimum size for successful transportation to the 
alveoli at the base of the lungs. Resultant aerosols were collected, quantified and 
tested for lytic activity against Ps. aeruginosa GH56. Results showed that less than 
5 5% of the phage were lost due to aerosolisation and that the phage retained >90% 
lytic activity against P. aeruginosa GH56 following passage through the Henderson 
Apparatus/Collison nebuliser. 

DISCUSSION 

10 

Twenty phage have been isolated from the environment and clinical specimens. The 
phage lyse clinical Ps. aeruginosa strains, which strains exhibit different host ranges. 

Exopolysaccharide (EPS) normally protect bacterial biofilm cells against the majority 
15 of bacteriophage (Weiner ef a/., 1995). In the case of Ps. aeruginosa pulmonary 
infections, the bacterial biofilm is encapsulated within a thick alginate matrix. At least 
three of the phage we have isolated exhibit polysaccharide lyase (alginase) activity 
against a specific Ps. aeruginosa alginate. This Is important in treating such 
infections, as the phage may illicit a two pronged attack on mucoid Ps, aeruginosa 
20 biofilms in degrading its way through the biofilm alginate thus gaining access to the 
underlying susceptible bacteria. The turbidimetric alginase assay confirms that the 
enzyme is only present during the lytic cycle of phage Infection, and we have 
confirmed that the alginase activity is phage encoded. 

25 Figure 1 shows the effect of one dose of bacteriophage <DGH4 on an established 24 
hour Ps. aeruginosa GH 56 biofilm in the in vitro biofilm model. The results indicate 
that a single dose of phage caused a 1 log reduction in biofilm associated Ps. 
aeruginosa. The numbers of biofilm associated Ps. aeruginosa however began to rise 
following 6 hours infection with phage. The rate of growth of biofilm Ps. aeruginosa 

30 at this time was similar to the control model. We hypothesised that this phenomenon 
could possibly be caused by washout of the phage from the biofilm (i.e. biofilm 
rupture resulting in the release of phage into the planktonic phase). To reduce the 
likelihood of phage washout, it was decided to investigate the effect of multiple doses 
of phage (4 doses at six hour Intervals for the first 1 8 hours of the experiment) on the 
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Ps. aeruginosa biofilm (Figure 2). Initial phage infection reduced the blofilm 
community by 1 log. A further 1.75 log reduction was achieved when the second 
dose of phage was administered. 



Of great interest are the results obtained with dual therapy of bacteriophage and 
tobramycin. We hypothesised that removal of Ps. aeruginosa cells from the alginate 
rich biofilm environment renders the previously resistant cells sensitive to tobramycin. 
This infection regime therefore generates a synergistic effect on Ps. aeruginosa both 
within the biofilm and bacilli released from the biofilm through the action of alginate 
lyase phage. 

The observation that phage infection and cell lysis was not inhibited in the presence 
of sputum or by the process of aerosolisation demonstrates that the inhalation 
conveyance system of phage aerosols would ensure delivery of viable lytic phage 
Into the sputum rich lung alveoli of CF patients. 

Example 2 - preparation of a bacteriophage containing a lieterologous 
polysaccharide lyase 

Method for the insertion of a heterologous alglnase gene into a bacteriophage. 

(i) Determine the DNAsequence of the bacteriophage genome. This is achieved 
by partial digestion of the bacteriophage DNA with a restriction enzyme that 
cuts frequently. Frequent cutters are usually those that recognise tetrameric 
restriction sites. The partially digested DNA Is size fractionated on an agarose 
gel and fragments of 500 to 2000 bp then cloned into a suitable plasmid vector 
such as pUC1 8, transformed into an E.co// host and grown on selective media. 
Individual colonies are isolated and the plasmid DNA recovered for DNA 
sequencing of the bacteriophage DNA fragment carried. Sequencing of 
clones is continued until a continuous DNA sequence map has been 
compiled. Any sequence gaps that persist can be closed by chromosome 
walking ie using primers designed to bacteriophage DNA sequence close to 
the gaps, identifying clones that contain that sequence by probing and then 
using that primer In the DNA sequencing reaction. 
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(H) 



(iii) 



(iv) 



Annotate the genome sequence to identify open reading frames (oris) and 
associated promoters/termination sites. Programmes are publically available 
either on the intemet eg ORF finder or in the DNAstar suite of programmes 
which Identify open reading frames and enable putative identification of 
function by comparison with DMA sequence databases. 

Create a physical map to Identify restriction sites suitable for cloning in the 
alglnase gene. DNA sequence data enables the Identification of every known 
restriction site for which there is a restriction enzyme available within the DNA 
sequence. Physical maps illustrating the position of every restriction site can 
be created in programmes such as MapDraw from the DNAstar suite of 
programmes. Taken together with the annotation of the DNA sequence, 
regions can be identified which contain useful restriction sites but do not 
contain ORFs and are therefore less likely to interfere with bacteriophage 
propagation. 

Identify heterologous alglnase gene from selected bacteria or bacteriophage 
for cloning into therapeutic bacteriophage. A suitable heterologous gene Is 
provided by the bacterium Azotobacterchroococcum, which may be readily 
cloned using one of two methods. 

Where the DNA sequence of the lyase (eg. alginase) gene has been 
determined, direct cloning may be employed by PGR using a primer designed 
upstream of the sequence and a complementary reverse primer downstream. 
For the A. chroococcum algL gene, the DNA sequence is publically available 
on Genbank under Accession No. AJ223605, and a pair of suitable primers 
includes GGACTGAACTTCTTCGCC (forward primer) and 
GCTGCTGCTGGATCGGC (reverse primer). The primers may further 
comprise restriction sites at their 5' ends to facilitate cloning. These primere 
are suitable for PGR amplification of ttie complete lyase (eg. algL gene from 

A c/7mococcam)usingaproof-readlng DNA polymerase to ensure the cloning 
of a active gene product. A conventional alglnase assay Is then employed to 
confirm the presence of alglnase activity. 
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(V) 

10 



(vi) 



The second method is employed where the relevant DNA data are not 
available, and involves the preparation of a gene library of the selected 
bacteria or bacteriophage containing the alginase in a plasmid such as pUC 1 9 
in E.co//. The gene library is then screened for alginase activity by a 
conventional alginase assay, and the clone carrying the alginase gene 
identified. 

Clone the alginase gene in to each useful site in the bacteriophage DNA in 
vitro and transform in to the host using a suitable procedure which may be 
transfomiation. conjugation or electroporation. Useful sites do not necessarily 
have to be unique as it is possible to partially digest with a restriction enzyme 
such that not all the restriction sites are cut. 

Confimi bacteriophage retain viability as evidenced by the ability to forni 
plaques. 



(vii) Screen phage induced cell lysates for evidence of expression of recombinant 
algjnase activity. 

(viii) Alternatively a marker can be used (lac or GFP for example) if checking for 
the additional alginase activity is not straight forward. 

(ix) If no suitable unique site is found an appropriate site may be created using 
site directed mutagenesis based on a PGR approach. 

Example 3 - to confirm that a given bacteriophage is capable of infecting a 
bacterium identified within a blofllm. 

iso^aiiqrx of Pseudomonas aemainosf, »nri Rn r klioldsria^f^ p^nia from ntt^^^ 

(i) Aliquots (1 00 ^1) of the clinical sample (e.g. sputum, pulmonary lavage) are 
spread onto tryptone soya agar (TSA. Oxoid). Pseudomonas CN agar (Oxoid. 
selective for P. aeruginosa). Pseudomonas CFC (Oxoid, selective for 
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Pseudomonas species) and Pseudomonas cepacia agar (Oxold. selective for 
Bui1<holderia cepacia), and allowed to dry for 10 mln. 

(ii) TSA and Pseudomonas CN agar plates are incubated at 37'C for 24 h. If no 
growth Is recorded, plates are incubated for a further 24 h (48 h total 
incubation). 

(ill) Pseudomonas CFC plates and P. cepacia plates are incubated at SO^C and 
examined after 24 h, 48 h and if necessary 72 h Incubation. 

Any growth on Pseudomonas CFC medium indicates the presence of Pseudomonas 
spp. The presence of blue/green or brown pigmentation may be taken as 
presumptive evidence of P. aeruginosa. 

Growth on Pseudomonas CN medium indicates presence of P. aeruginosa. 

B. cepac/a typically grows as smooth, glistening red/purple colonies of approximately 
2 mm diameter on P. cepacia media. Specific strains may grow as atypical forms 
including lipolysaccharide deficient strains with dwarf, rough colonial appearance and 
a diffusible brown melanin-like pigmentation. 

(iv) Isolated colonies are plated onto TSA and the original selective media, then 
incubated at 37-C (or 30'C depending on the isolation media) for conformation 
of purity. Once purity is confimied, the test isolate is inoculated onto a TSA 
slope and stored at 4*'C. 

Our collection of bacteriophage can now be examined for lytic activity againstthe test 
isolate using the agar overlay method. 

Preparation of log phase culture 



(V) The test isolate is streaked out onto a fresh TSA plate fi-om a storage slope 
and Incubated overnight (18 h) at 37*'C. 
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(vi) Following Incubation, the test strain (2-3 isolated colonies) is inoculated into 
1 00 ml tryptone soya broth and incubated for 4 h at S^C with orbital aeration. 

Agar overlay methnd 

(vii) Soft agar, which has been prepared earlier, is re-melted and allowed to cool 
In a water bath set at 45''C. 

(viii) Sterile tubes are placed in a heating block set at 45''C, and left to acclimatise 
for 10 min. 

(ix) Aliquots (2.5 ml) of soft agar are pipetted into each tube, followed by 600 ^1 
of the 4 h test suspension and 100 n\ of our serially diluted phage preparation. 
Controls are also prepared which contain soft agar only and soft agar and 
bacteria. 

(X) The suspensions are gently vortex mixed, then poured over pre-dried TSA 
plates. The plates are rocked gently to ensure a uniform layer of suspension, 
then left to dry on a level surface (20 mins). Once dried, the plates are 
incubated for 1 8 h at ST'C. 

Following incubation, plates are then examined for lysis, and the number of plaque 
forming units per ml recorded (pfu ml"^). 

Example 4 - to confirm that a given polysaccharide lyase is capable of 
degrading a biofilm component 

Isolation of biofilm alq inqt<a 

Bacterial constituents of the biofilm must firstly be isolated as a pure culture (see 
Example 3; Isolation of Pseudomonas aeruginosa and BurUholderia cepacia from 
clinical samples). 

(i) The test isolate is streaked out onto a fresh tryptone soya agar (TSA) plate 
from a storage slope and sealed. The plate is then Incubated for 48 h at 37'C. 
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(ii) Following incubation, the resulting mucoid growth is removed from the surface 
using a sterile glass spreader, and suspended In sterile distilled water. 

5 (iii) The suspension Is vortex mixed, then centrifuged (1 3000 rpm) for 1 h at 4 »C. 

(iv) The alginate containing supernatant is then decanted into a sterile tube. Three 
volumes of absolute alcohol (v/v) are added to the supernatant and left to 
stand at 4°C for 45 min, thus allowing the alcohol to precipitate the 
10 exopolysaccharide. 

(V) The suspension Is then centrifuged 5000 rpm for 1 0 min, and the precipitated 
exopolysaccharide re-suspended in sterile distilled water producing a viscous 
solution. 

15 

Our test alginate lyase preparation / bacteriophage carrying alginate lyase is then 
examined for its ability to lyse clinically isolated alginate using the turbldlmetric 
procedure developed by Kitamikado etal. (1990). 

20 Example S-in vivo therapy 

Mice were infected with Ps. aeruginosa at day zero, and the infection allowed to 
establish. The average recovery of Ps. aeruginosa from Infected mice (n=6) was 
4.28±0.59 Log CFU.mM. 



25 



At day 10 mice were exposed to aerosolised bacteriophage. Phage and bacteria 
were then recovered from the mice at 6 and 24 hours post-aerosol challenge (see 
Figure 5). 



30 Phage counts 



Recovery of phage at 6h = 5.97±0.34 Log CPU.ml'^ 
Recovery of phage at 24h = 5.05±1.91 Log PFU.m|-\ 



wo 2004/062677 




PCT/GB2004/000073 



Pseudomonas counts 

Pseudomonas recovered after 6h = 0.53±0.83 Log CFU.mr\ 
Pseudomonas recovered after 24h = 0.0.57±1.04 Log CFU.mM. 

5 

Results 



10 



Results demonstrate a decrease of 3.75 Log CFU.mr^ In the number of Ps. 
aeruginosa after challenge with bacteriophage. These results are significantly 
dWerent (P< 0.05). 
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Claims 



A composition for treating a bacterial biofilm, comprising a first bacteriophage 
that is capable of Infecting a bacterium within said biofilm. and a firet 
polysaccharide lyase enzyme that Is capable of degrading a polysaccharide 
within said biofilm. 

A composition according to Claim 1, further comprising a pharmaceutically- 
acceptable antimicrobial agent, preferably an antibiotic or a defensin. 

A composition according to Claim 1 or Claim 2, further comprising a DNase. 

A composition according to any preceding claim, further comprising a second 
polysaccharide lyase, wherein the first and second polysaccharide lyase are 
different. 

A composition according to any preceding claim, wherein the first 
polysaccharide lyase is encoded by the bacteriophage. 

A composition according to any previous claim, wherein the bacteriophage 
encodes one or more of a phamiaceutlcally-acceptable antimicrobial agent, 
a DNase. or a second polysaccharide lyase that Is different from the first 
polysaccharide lyase. 

A composition according to any previous claim, comprising a second 
bacteriophage, which Is different from the first bacteriophage, and wherein the 
second bacteriophage optionally encodes a second polysaccharide lyase. 

A composition according to any previous claim, comprising a second 
phamnaceutlcally-acceptable antimicrobial agent. 

A composition according to any previous claim, wherein the biofilm Is a lung 
biofilm. 
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A composition according to any preceding claim, wherein the blofilm 
comprises an opportunistic bacterium, preferably Pseudomonas aeruginosa 
and/or Burkholderia cepacia. 



11. A composition according to any preceding claim, wherein the phage Is a GH 
phage, preferably GH4 (ECACC Accession No. 02121203), GH6 (ECACC 
Accession No. 02121202), GH13 (ECACC Accession No. 02121201). or 
GH14 (ECACC Accession No. 02121204). 

12. A composition according to any preceding claim, wherein the first and/or 
second polysaccharide lyase Is an alginate lyase. 

1 3. Use of a composition according to any previous claim for the manufacture of 
a medicament for treatment of a biofilm. 

14. Use according to Claim 13, wherein the biofilm Is a lung biofilm In a cystic 
fibrosis patient. 

15. Use according to Claim 13 or 14, wherein the medicament Is to be 
administered In more than one separate dose. 

16. Use according to Claim 15. wherein the medicament Is to be administered in 
at least three separate doses. 

17. Use according to any of Claims 13-16, wherein following administration the 
bacterial cell count of the biofilm is reduced by at least one log. 

18. Use according to any of Claims 13-17. wherein the bacterial cell count of the 
biofilm is reduced by at least three logs. 

19. Use according to any of Claims 13-18. wherein the firat bacteriophage is to be 
administered prior to, simultaneously with, or subsequent to the first 
polysaccharide lyase. 
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Use according to any of Claims 1 3-1 9, wherein the first bacteriophage and the 
first polysaccharide lyase are to be administered as part of a combined 
therapy regimen with a phamiaceutlcally-acceptable antimicrobial agent, and 
wherein the first bacteriophage is to be administered prior to. simultaneously 
with, or subsequent to said phamnaceutically-acceptable antimicrobial agent. 

Use according to any of Claims 1 3-20, wherein the first bacteriophage is to be 
administered prior to. simultaneously with, or subsequent to a second 
polysaccharide lyase that is different from the first polysaccharide lyase. 

Use according to any of Claims 13-21, wherein the first bacteriophage is to be 
administered prior to. simultaneously with, or subsequent to a second 
bacteriophage that is capable of infecting a bacterium within the biofilm, 
wherein said second bacteriophage is different from the first bacteriophage. 

A bacteriophage comprising a heterologous gene encoding a first 
polysaccharide lyase enzyme. 
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A bacteriophage according to Claim 23. wherein the bacteriophage is capable 
of infecting a bacterial species or strain present in a biofilm. 

A bacteriophage according to Claim 23 or Claim 24. wherein the 
polysaccharide lyase degrades a polysaccharide component of a biofilm. 

A bacteriophage according to any of Claims 23-25. wherein the bacteriophage 
infects an opportunistic bacterium, preferably Pseudomonas aeruginosa 
and/or Burkholderia cepacia. 



A bacteriophage according to any of Claims 23-26. wherein the bacteriophage 
is a GH phage encoding a first polysaccharide lyase, preferably GH4 (ECACC 
Accession No. 02121203) encoding a first polysaccharide lyase. GH6 
(ECACC Accession No. 02121202) encoding a first polysaccharide lyase, 
GH13 (ECACC Accession No. 02121201) encoding a first polysaccharide 
lyase, or GH14 (ECACC Accession No. 02121204) encoding a first 
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polysaccharide lyase. 



A composition according to any of Claims 1-12. wherein the first 
bacteriophage is a bacteriophage according to any of Claims 23-27. 

A composition according to Claim 28. further comprising a second 
bacteriophage according to any of Claims 23-27, wherein the first 
bacteriophage and second bacteriophage are different. 

A composition according to any of Claims 1-12 or 28-29 In the form of an 
aerosol fonnulation. comprising oneormoreof an excipient, surfactant, and/or 
propeliant. 



Use of a bacteriophage according to any of Claims 23-27 or a composition 
according to any of Claims 28-30 for the manufacture of a medicament for 
treating a biofilm. preferably for treating a biofilm that results from an 
opportunistic bacterial infection. 



32. Use according to Claim 31. wherein the first bacteriophage is to be 
20 administered prior to. simultaneously with, or subsequent to the first 

polysaccharide lyase. 



26 



34. 

30 



33. Use according to Claim 31-32. wherein the first bacteriophage and the first 
polysaccharide lyase Is to be administered as part of a combined therapy 
regimen with a pharmaceutically-acceptable antimicrobial agent, and wherein 
the first bacteriophage is to be administered prior to. simultaneously with, or 
subsequent to said phannaceutically-acceptable antimicrobial agent. 

Use according to any of Claims 31-33. wherein the first bacteriophage Is to be 
administered prior to, simultaneously with, or subsequent to a second 
polysaccharide lyase that is different from the first polysaccharide lyase. 



35. Use according to any of Claims 31-35. wherein the first bacteriophage is to be 
administered prior to. simultaneously with, or subsequent to a second 
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bacteriophage that is capable of infecting a bacterium within the biofilm, 
wherein said second bacteriophage is different from the first bacteriophage. 

A method of mailing a modified bacteriophage capable of degrading a biofilm 
comprising :- 

a) selecting at least one gene encoding a polysaccharide lyase enzyme that 
degrades a polysaccharide within said biofilm; 

b) selecting a bacteriophage that is capable of infecting a bacterial species or 
strain residing within the biofilm; and 

c) introducing at least one of the genes selected in step a) into the 
bacteriophage nucleic acid. 

A method according to Claim 36, wherein the bacteriophage is selected from 
the group consisting of GH4 (ECACC Accession No. 02121203). GH6 
(ECACC Accession No. 02121202). GH13 (ECACC Accession No. 
02121201), or GH14 (ECACC Accession No. 02121204); or a bacteriophage 
having accession No. ATCC 12055-B1, ATCC 12055-B2. ATCC 12055-B3. 
ATCC 14205-81, ATCC 14206-81, ATCC 14207-81, ATCC 14209-81, ATCC 

14210-81.ATCC 14211-81. ATCC 14212-81. ATCC 14213-81. ATCC 14214- 
81 , ATCC 1 5692-82. ATCC 1 5692-83. ATCC 251 02-81 . ATCC BAA-26-B1 . 
ATCC 8AA-27-81 . ATCC BAA-28-81 . ATCC 8AA-28-82, ATCC 8AA-29-B1 . 
ATCC 8AA-30-81. ATCC BAA-31-81 . ATCC 8AA-47-81 , ATCC BAA-79-B1 . 
ATCC BAA-81 -81 . and ATCC 8AA-81-B2. 

A method according to Claim 36-37. wherein the method further comprises the 
step of testing the efficacy of the modified bacteriophage against the biofilm 
in vitro. 

A method according to any of Claims 36-38, wherein the bacteriophage 
specifically Infects an opportunistic bacterium, preferably Pseudomonas 
aeruginosa and/or Burkholderia cepacia. 
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A method according to any of Claims 36-39. wherein said at least one gene 
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encodes an alginate lyase. 

41. A method of identifying a bacteriophage for use in treatment of a biofilm- 
associated microbial infection, which comprises:- 

a) identifying a bacteriophage that is capable of infecting a bacterial 
species or strain vimh said biofilm; and 

b) confimiing that said bacteriophage encodes a polysaccharide lyase 
that degrades a polysaccharide within the biofilm. 

42. A method of treating a biofilm infection, which method comprises:- 
administering to a patient a composition according to any of Claims 1-12 or 
28-30, or a bacteriophage according to any of Claims 23-27. 

43. A method according to Claim 42, wherein the composition or bacteriophage 
is administered in more than one separate dose. 

44. A method according to Claim 42 or 43. wherein the composition or 
bacteriophage is administered in at least three separate doses. 

45. A method according to any of Claims 42-44, wherein the first bacteriophage 
is administered prior to, simultaneously with, or subsequent to the first 
polysaccharide lyase. 

46. A method according to any of Claims 42-45, wherein the first bacteriophage 
and the first polysaccharide lyase are administered as part of a combined 
therapy regimen with a phamiaceutically-acceptable antimicrobial agent, and 
wherein the first bacteriophage is administered prior to, simultaneously with, 
or subsequent to said phannaceutically-acceptable antimicrobial agent. 

47. A method according to any of Claims 42-46, wherein the first bacteriophage 
is administered prior to, simultaneousfy with, or subsequent to a second 
polysaccharide lyase that Is different from the first polysaccharide lyase. 

48. A method according to any of Claims 42-47, wherein the first bacteriophage 
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is administered prior to, simultaneously with, or subsequent to a second 
bacteriophage that is capable of infecting a bacterium within the biofilm. 
wherein said second bacteriophage is different from the first bacteriophage. 

5 49. A method according to any of Claims 42-48. wherein administration is to the 
site of infection. 



10 



A method according to any of Claims 42-49, wherein administration is to a 
surface selected fjrom a lung, a gastrointestinal tract, a catheter, an intra- 
vascular device, a prosthetic device, or a dental implant. 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/062677 



PCT/GB2004/000073 



2/5 



o 

CO 




i 

.o 
•o 



"3 

S 
g 



- ^ 



.O 



i 
•I 
I 

I 

c: 
o 



•I 



<2> 



c: 

6 



CO 



5 

c: 

5 



0 0 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/062677 



PCT/GB2004/000073 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/062677 



PCT/GB2004/000073 



5/5 



i 

CO 

9> 



CD 
CD 



CO 



CO 



CM 



5 



SUBSTITUTE SHEET (RULE 26) 



f PCT/GB2004/000073 




This document certifies that 
Bacteria BACTERIOPHAGE GH13 
Deposit Reference 02121201 

has been accepted as a patent deposit, In accordance with 
The Budapest Treaty of 1 977. 
with the European Collection of Cell CuKuibs on 
12 December 2002 




Dr D H Lewis 
General Manager 
ECACC 



BiropeanDolIeDttonrfMailtuiw, Health l^oteotto uK. 
Ab M an 1980 812912 Ite 44 (0] 18B0 611315 Bnal: acax@hpMrg.uk VU>b Bte: eoaoiMirg.uk 



PCT/GB2004/000073 



TO 

DR GAVIW 

cmR 



SAZiZBDRy 
SP4 OJtS 

UK 



14 

BUDAPEST TREATS Off TBB XNTBRBBLTZONAIi 
HEC06mTZOI9 OF THE DBPOSIT OF HZGR00R6AHZ8MS 
•iffQR OTB FDRPOSEB OF PATEBIT PROCEDORB 



HiTSRMATIOHAXk FORM 



NAME ASD AZIDRB6S 
OF OBPOSZTQR 



J 



X. 



IDEMTIPICATXOKr OF THE MZCROORGAMZSM 



IdeiitlClcatiaii xeCezence given by the 
Z^EOSITOR: 

BACTERZOPHASE; GH13 



Accession mxiDber given by the 
USTBRHATlONAlj DEK5SITARY AUTHORITY: 
02121201 



II • SCjLjBDkxxtflC DESCRXPTXaNT AMD/OR FROFOSED TAXOirOMZC DBSXONATXOZgr 



Tbfi ndoxrooreianiBni ideai^i£ied vuoder Z above 
1^1 a acxLaolblClo dasarlpblarx 

A proposed t:axGnc3niic designakicn ' 
(Mark with a orosa where applicable) 



aooooipaxiied byi 



XXI. 



BBCBXST AND ACCEPTANCE 



This International Depository AathLority accepts the mioroorganlsm ldenti£ied under i above 
which vas received by it on December 2002 <date of the original dqposit)* 



IV. 



RECEIPT OF REQUEST FOR CONVBRSIC»r 



The microorganism identified imflar I above was received by this International 

Depository Authority on (date of the original deposit) and 

A request to convert the original d^osit to a deposit under the Budapest Tteaty 

was received by it on (date of receipt of request for oonveraion) 



ZV, 



XHTBRKAXXOMAL DBPOSITORY AUTKORXTS 



Name I Dr O H Iiewis 

Address X ECACC 
CAMR 

Portoa Down 
, Saliabury SF4 OOqI 



Signature (s) of person (a) having the power 
to represent the International Depository 
Authority or of authorised officials (s) : 



Date I 



1 Where Rule 6.4(d) applies, such date is the date cm which the status of international depositary 
authority was acquired 



FocmBF/4 (sole page) 



1991 



PCT/GB2004/000073 



APPEHDIX 3 
Page 24 

BUDAPEST TRBATX ON THE 235TEH3aM»IONAL 
RECOGKITIOBI OF THE DEPOSIT Off MICROOaSftiarSMS 
FOR TBB FDRPOSSS OP PAXEHT FROCBDHRE 




1 



PORTOSI IXXWSS 

aaziXBDR? 

5P4 006 



I ssue d pursanb bo Bule ao.2 by the 
IdentlCled on ttie foUowing page 



I TO 



mm AMD ADDRESS OP THE PARTY 
TO IfflOM THE VIABHilTy OP STATEMEBT 
IS ISSUED 



DEPOSITOR 



Names 



Address I 



DE GAVIN 
C!AME 



PORTON DOWN 
SALIBURY 
8P4 tOJO 
UK 



II. 



IDESTIPICATION OP THE MICROORGANISM 



Accession number given by the 
INTBHNATIONAL DBPOSITOHY ADTHORITYj 

02121201 

Date of the deposit or of the transfer: 
12 December 2002 



VlABILITy STATEMENT 



The viability of the microorganism Identified nndor 



12 Decenfber 2002 



viable 

no longer viable 



11 above was tested 

On that date, the said miaroorganisra was 



g_Jh. o^, to 1. W ,11, ,^ ,1U, , »«« t. th. ,la,lUt, 

Mark with a cross the a^xlicable box. 
Fom {first page) 
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Appendix 3 
Page 25 



IV. CX3EI9DITIORS CHDBR WHICH THE VIABIIiITY TEST HZ^ BEBH PERFORMED 



?S?^J^^-SS^,.™^ (02121201J WAS CDLTDRED OCT HOST CBIiCS PSEDDOKOKaS AERUQIETOSA GHSfi" 



II. XHTERHATKMBkli DEPOSITARY AUTHORITSf 







Name: 
Address: 


Dr D B liewla t\ / 
ECACC CAim )/ 
Porton Down u 
Salisbury 1 
WiltsMre 
SP4 OJQ 




Signature (s) of person (s) liavlng th/^ potfer 
to repzeaent the International Depositary 
Authority or of authoriaed official (s> i 

Date. 'lSjfZ_yc'? 







in if the information has been reqoaeated and if the results of the test were negative. 



Form BP/9 (second and last page) 
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BJTopeanOollectbn 
J^ofCellCuliires 



Centre for Applied Microbiology and Research 

and ■ 

European Collection of Cell Cultures 



This document certifies that 
Bacteria BACTERIOPHAGE GH6 
Deposit Reference 02121202 

has been accepted as a patent deposit. In accordance with 
The Budapest Treaty of 1977, 
with the European Collection of Cell Cultures on 
12 December 2002 




Dr D H LewlsV 
General Manager 
ECACC 



Biropeen Cdllectlon of CeH Ojttures. Hesldi Protection Agency. Porton Own, Qdisbuiv, SM OJB UK. 
ftfc 44 101 1880 B12512 Fac 44 (0) 19B0 811315 Gnal: 8»G@lv.^uk WASte ««.^„k 
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APPSSHZXCX 3 
Page Z4 

BUDAPEST VBSATS GN THB INTBRNZVTIQNAI. 

HBCOflKITiaEI OP THE DEPOSIT OF MiCROOaSANISJflS 

^ -iPOR THE PORPOSBS OF PATBHT P&OCSDORB 



~1 



PR GAVIH HIKffiBS j aaaTBRNaTtONRL FORM 

CAMR 



NAKB A£3D ADBDRSSS 
09 



J 



I. IDBlSTIFICaTIOMr OF TKB MICROORSairiaM 



Identifioatioa raeerence giv«n by bhe 
DBPOSZTORs 

BACTBRIOPH&GB GRe 



Accession, number given by i- hfi 
nBTBRMATIQiaaii DBPOSITOUCf ADIHORITy.- 
02121202 



11. 



•SCIBHTZPIC DBSCailPTIOir AHD/QR PKOPOSED TASTOHOMIC DBSlGHATIQH 



The lai croorgaoiata Identified muter I above was accon^panied toy: 

I ^ I A*8cleatiSic deacriptioa 

dU X proposed taxonomio designation 

(Marie witb a cwoss where applicable) 



III. RBCHIPT AMD ACCBPX2UTCB 



SSi^^'^c^ S^^Sf ^ '^'^^rt'" microorganism id«xti£ied under r abov,, 

jr *w OB Deceanbar 2002 (date o£ the original deposit)* 

IV. RECEIPT OP REQUEST FOR CONVBRSIOH 



* fKJ? o-isinal d«po.it to a deposit Se'S:d^^^°Se^r'" 



was received by it on 



(date Of receipt o£ request for cGnversioa) 



IV. MJERKMIOSraL DBP0SlTORy,aUIHDRrrY 



Maaa, Dr D H Lewis 
Address ! BCACC 

CAMR 

Porton Down 
flalisbury SPA OJ a 



Signature (B> of person (g) having the power 
to represent the International Depositary 
Authority or of authorised officials (s) i 

Dates ' ^ ^ 



^ . ^iS'^^i^iudSS""'' «>»te 1- the dat. on the »tat« of international depoeltary 

FonnBPM (sofepage) 



1991 
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A&17ENDZX 3 
Page 24 

BODJ^PEST TRB3VXY OSSS TBB 333TERl!Q^lQ£mii 
BBCOOSITXOfil OF THB DSPOSXT OF MZCB00RQANIS118 
TOR VHB PDRTOSES OF VKSBSPC SROCEDORB 



TO 

X3R C^VTH 
CSW3R 



PORXOIU DOHSr 

SP4 030 
UK 



1 



INTERNATXOKnL FQKM 



VTiXHTT >Y 't'V STATEMEKFP 

iBBued pursant co Rule 10.2 lay the 

ZNTBRNi^OZSAIi DBFOSITI^ AinSORZOnr 
idgTihlfied aa the follovi&g page 



1^ 



H^SB AND ADDRESS OF THE PARTY 
(JHOM THE VIABILITY OP ST2VTEMEKT 
IS 3CSSUBD 



I. DBPOSZTQR 


II- IDBHTZFXCKTXON OP THE PUCROORQANISM 


- 6AVIW HOSHBd 
ChKR 

Address: PORTOsr DOm 
SAItlBORY 
SP4 OJO 
UK 


Aaoession ntimber gi-rezL by the 
niTBSMATIOHAJ* DEPOSITORY AUTHQRITYi 

02121202 

Date o£ the deposit or o£ the transfer: 
12 Deoember 2002 


II. VIABILITY STATEMBNT 


Vhe vlabilifcy oE ttie mioroorganiom identified under 11 above was tested 

^ 12 Deaenber 2002 ^ that date^ the said niioxoorganisia vas 
1 X 1 ' viable 


1 1 ' no longer viable 





Indicate the date of the originea d^eit or, where a new deposit or a transfer hoe been 
made, the noat relevant date (date of the new deposit or date of the transfer) . 

in the oaaes referred to in Rule 10.2 ta) (ii) and (lii), refer to the most recent viabUity 
test • 

Marie witb a cross the applicable boat. 
Form BD/4 <flrBt page) 
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C0MDIT20NS TnSDSR WHZCH THE VXABHilTT TSST R21S BSBigr BBRFORMED * 



<02121202) was CULTORED OH HOST CBIiIiS PSEDDOMCms 
SHOWED POSinVB PIAGDBS COT THB BACTBRIA COhTUSS *^»«««urau»iAa 



:&&RUGINOSA GHSff MSD 



II. iHTEHiDupiojgaL DEPosiraRY AunHORinr 



Address: 



Dr D H Zieivls 

Bo^cc 

Por^ou Down 
SaXlsbuxy 
Wiltshire 
SP40JG 




Signature (b) of person (a) having the power 
to represent the International De£)ositary 
ftubhorifcy or of authorized official (s) : 

Date 



4 Fill in if the information has been requested and if the results of the test were negative, 
fform BP/9 (second and last page) 




Centre for Applied Microbiology and Research 

and 

European Collection of Cell Cultures 



This document certifies that 
Bacteria BACTERIOPHAGE GH4 
Deposit Reference 02121203 

been accepted as a patent deposit, In accordance with 

The Budapest Treaty of 1977, 
with the European Collection of Cell Cultures on 
12 December 2002 



Dr D H Lewis 
General IVianager 
ECACC 




airopean ColteUon af Ml Cultures. Health Protertion Agency, Portan Own. 8iiiislHi/y, SP4 OJQ UC 
TeI:44lini9fl0 612S12 Fax: 44(0) 1880 611315 Bn* ec«re«^^.Uc m Ste ec«*«ftult 
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TO 

OR GKVIN 
GftMR 



APPEBDZZ 3 

BUDAPEST TREATY* QEF THE IK T KR M&TZOHftli 
HISaxmiTXOEl of TBE CEFOSXT 09 HXCSOOHGSiaSMS 
— — tFOR the purposes op patent &SOCEDQBB 



33XTBRXIATIGBAL FO»M 



BAHBURY 



BANS SHD A3S3BBS8 
OF PBPOSZTOrt 



J 



I» IDHMTIPICATIOH Op «!HB MZCROOHGANXSM 



Xdeablfloation re£erence given 3^ the 
DBPOSZTOSt 

BACTERIOPHAGE GH4 



AccessicQ number given by the 
5NTBRNAT10NA1, DBPOaiTARY AUTHOItmri 

02121203 



rr. SCIENTrPtC DBSCRIPTIQS AMD/OR proposed TAXDNOMIC DBStoaATIOH 



The mi croorganiam identified under I above was aooon«>anied by» 

A 8aieiibt£io desoripticm 
r I A prosposed tascoaomio deslgnatioa 
(Mark with a cross vhere applicable) 



III . RECEIPT AiaD ACXSPOIAigGB 



*»jr on. December 2002 (date oC the cxtigiaal deposit)* 



IV. HBCBIPT OF REQUEST FOR CONVERSX<»r 



Wate of receipt ot request for ooncverBicn) 



XV, aWTEHMATlONAL DEPOSITORY AOTHORITy 



names Dr D h Ziswis 



Addreast 



BCACC 
CAMR 

Porton Down 
Salisbury SP4 




signature (s) of personts) having the power 
to represent the IntemationaX Depository 
Authority or of authorized officials (a) : 



Date: 



^ Sr^"vL*i^iu2S^' i= the date on *lolL the status pC lnl:ar»t W d«pesifcary 



FoimBF/4 (sole page) 



1991 
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BODJ^PE ST TBEZUEY ON TSS tNTEBMRTICaOVL 
BBCOGITnT^ OF TKB DSPOSZT OF MZCROORiGABXfiHS 
FOR THE PURPOSSS OF PAXENT PROCBDURB 



TO 

PR oavzK 



PORTOM DOim 
SP4 OJG 



1 



INTHHMAH'JLONAL FORSI 



issued pursant to Rule 10.2 by the 

X£nrEIQmTZ023AIi OBPOSZTARV aCI3i3DRZTSr 
identified on the follcnving 



I TO 



NAME AND ADDRBSS OP THE PARTY 
WHOM THE VIABILITY OP STATEaXiBB3T 
XS ISSUED 



L,. I 

IBSST I 



DEPOSITOR 



Name; 



Address: 



OR GAVIN 
CAHR 



PORTOH DOWN 
SAIiIBURY 
6P4 OJG 
OK 



XZ. IDBNTXPlCATZOm OF THE HXCROORGiaaSM 



Aooession number gi^en 2>y tlie 
INTERNATIONAL DEPOSITORY ADTHaRITYs 

02121203 

Date of the deposit or of the transfer i 
12 Deoember 2002 



II. 



VZABIIiITY STATEMEIIT 



vial>ility of the mioroorganism identified imder IJ abcsve was tested 

12 DeccBibcr 2002 On that date, the said microorganism was 

X I ' viable 



CD' 



ao longer viable 



indicate the date of the original deposit or, ifhero a new deposit or a transfer has been 
made, the nost relevant date <date of the new deposit or date of the tr^ferTT 

to^e oases referred to in Rule 10.2 (a) (ii) and (lil), xBfer to the most recent viability 

Mark. with a cross the applicable booe. 
Form BP/4 <firsb page) 
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rv. CONDITIOHS TOaDER WHICH THE VIABIIiITy TEST HAS BEEN PERFORMED * 


(02121203) mS attTORBD OH HOST CBH.S PSBODOlSTOiaS ABROGHSOSA 6H56 ftHD 
SHOBED POSITIVE PIA6DES ON TBS BftCTBElA COIiTORB ^vwo nsu^ 


XX. jjuxjckhaTIQEIAIi DBPOSITARIj 


AUTHORITY 


Nams: Dr D H Iiewis J 
BCaCC CftMR 1/ 
ftddress: PorCon Down fj 

Wiltshire " 
'SP4 COO 






Signature (s) of person (s) having Che potfer 
to represent the International Depositary 
Authority or of authorised official (e) s 



i Fill in if the information has been requested and if the results of the test were negative. 
Form BP/ 9 (second and last page) 
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BjopecnColledion 
ofCellCuBues 



Centre for Appifed Microbiology and Research 

and 

European Collection of Cell Cultures 



This document certifies that 
Bacteria BACTERIOPHAGE GH14 
Deposit Reference 02121204 

has been accepted as a patent deposit, in accordance with 
The Budapest Treaty of 1977, 
with the European Collection of Cell Cultures on 
12 December 2002 




General Manager 
ECACC 



Eipopaan ColteoiiDn at Cell (Utures. HeaMi PreteodDn Ageiu^, ?mtm Dom, SelBbuv. SP4 OIG UK. 
Ibb 44 (0)1980 612512 fte 44(0) 1980 611318 aaiMlm«iikm>gme^tn^ 
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^SfSBSaJHX 3 
•Pago 14 



BODAPSSr TRSnW C3Zil TBB IHTBKHftXiQciAL 
— HBOOGmTlaH OF TBB DEPOSIT OP mCBOORBKSTSm 
TO iFGR THE PDRPOSBS OF PATKNT PROCEDDRfi 



1 

UK 




jme microorgaoiBia identified muter i etoove was aoooiapaxiied by. 
I .^J A acieatif ic dascriptioa 

» 1 A prpiKJBed taxoncania dasigaatioa 

(Mark with a cross vihere applicable) 



tXX . RECEIPT AMD aLCCSPTJffllCB 



^ 12 Decenfaer 2002 (date of the original deposit)^ 




FonaBP/4 (aolepage) 



1991 




) PCT/GB2004/000073 



A9B&RDI3C 3 
fiage 24 

BUDAPEST TRBWnC OH THE lUTERHaaDlOEJAI, 

BECJOtannoN op. rraB dbsosit op microorgmiisks 

FOR TBB PUS:903S3 OF SSKTBtfT PHOCBDOBB 



iro 



PORTOfif SO^ 
QaZtZBURY 
8B4 OJQ 
OK 



1 



NMSS AND ADDRESS OP THE PARTY" 
WHOM THE VIABUiITy OF STATBMBIST 
18 ISSUED 



VZABILITIT STATBN&I9T 
issued puraant to Rule 10,2 by b2L« 
IHTBRMATtOHaij DBPOSITSaRy AOn^RIT? 
iaentified on tjxe following page 



X. DEPOSITOR 


H. . iDBNTIFTCArrON' OP THE MICR0QaGAiaX8» 




DR GAVIN aUGBBS 
CAHR 


Acaeeaion number given by tbje 
lOTJBRNATrOEaAIi DBPOSITQRy AUTHDRlTy: 


Address: 


PORTOH DOWN 
SAIiXBDRY 
8P4 OJG 
UK 




02121204 

Date of the deposit or of the transfon 
la Decernber 2002 


11. VXABIIiXTi; STATEMENT 


The -viability of bhe mlaroorganisn 
on 

^ ^ 12 Deces 

1 3C.J =» viable 


a identified under IX above was tested 

daer 2002 ^» Oa that date, the said nierooxganism waa 


LID. 


no longer viable 







ZZZT^ZCJZ JT ojiginax aepoaac or, where a new deposit or a transfer has been 

made, the moat relevant date <date of the new deposit or date of the transfS)! 

t^^ referred to in Rule 10.2 (a) (ii> and (lii), refer to the moat recent viability 

Nark with a oroas the a^lioable box« 
Porta BP/4 (first page) 
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i^ppendlx 3 
Page 25 



IV. 



COHDITIQNS miDER WHICH 'SBB VIABILITY TEST Wm PERFORMED * 



II, 



IKPTERMaTIOMaii DEPOSnsaRY ADTHORlTSr 



Names 
Address: 



Dr D H iiewls 
ECaCC CAMR 
Poarton Doim 
SalxBbury 
Wiltshire 
_8P4 OJG 



Signature (s) of person (s) having the power 
to represeat the International Depositary 
Authority or of authorized official (s) : 



Date: 



4 mi in df the ln«or*atiea ha« been revested a=d if the results of the test ^ negative. 
Form BP/a (second and last page) , 



INTERNATIONJirSEARCH REPORT 



PCT/GB2004/000073 



T Dr!^l®^'^^^'2?liS?.%^^CT MATTER , 

IPC 7 A61K35/76 A61P31/04 



Aocording to In lemaUonal Patent Ciasslflcalion {\PC) or to both naUona) classtncatlon and IPC 
B. FIELDS SEARCHED ~" ^ 



MInfrniim docaimentatton s^ed (classification system foOowed by dassincatlon symbobr 
IPC 7 AolK A61P 



Documentation searonea other than minimum documentation to the e»dent that such documents am included In the fields seaithed 



Electronic daia Base consulted during the International search (name of data base and. where pfactical, search lenns used) 

EPO-Internal , BIOSIS, EMBASE, COMPENDEX, WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of documerrt. with indication, where apptoprfate. of the relevant 



passages 



HUGHES K A ET AL: "Biofllm susceptibility 
to bacteriophage attack: the role of 
phage-borne polysaccharide depolymerase. " 
MICROBIOLOGY (READING, ENGLAND) NOV 1998 
vol. 144 ( Pt 11), 

J^OOnlJszf ^ (1998-11). pages 3039-3047, 
ISSN: 1350-0872 
Introduction & Discussion 
abstract 



Relevant to daim No. 



1-12, 

23-30, 

36-41 



I X| Further documents are listed in the continuation of box C. 



jX I Parent family members are listed In annex. 



" Special categories of dted documents : 

•A' docunrient defining the general stale of the ait which Is not 
considered to be of particular relevance 

document but published on or after the international 
fiimg date 

jXSSil*'"®*? *° estabUsh the pubDcation date of another 
dtatbn or other spedal reason (as spedfled) 

^Sher'nSan?"^ ™ cllsclosure. use. exhibition or 

■P" ctocument published prior to the International filing date but 
later than the priority date claimed ^ 



Date of the actual oornpletlon of the International search 

3 June 2004 



T" laterdocumentpubnshed after the international flUng date 
or priorRy date and not In conflict with the application but 
cjjea to understand the principle or theory underlying the 

•X* document of partloilar relevance: the claimed Invention 
rannot be considered novel or oannot be considered to 
involve an Inventive step when the document Is taken alone 

■r documeijt of particular relevance; the claimed Invention 

^nnot be considered to Involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person eldaed 
In the art 

document member of the same patent famny 



Name and mailing address of the ISA 

^^"'PoSSrSl?'^.™^ P-^- 5818 Patentlaan 2 
ML - 2280 HV l=Ujsw^ 

TeL (+31-70) 340-2040, Tx. 31 651 epo nl, 

Fax: (+31-70) 340-3016 



Date of mailing of the International search report 



23/06/2004 



Authorized officer 



Pilling, S 



Foim PCT/I6A/ai0 (saoond shoot) (January 20O4) 



page 1 of 2 



# 



C.(Con«nuatton) DOCUMEMTS CONSIDERED TO BE RELEVAf^ 



Category 



Cttation of document, with Indication, where appropriate, of the relevant 



SUTHERLAND I W: "Polysaccharases for 

microbial exopolysaccharldes" 

CARBOHYDRATE POLYMERS, APPLIED SCIENCE 

PUBLISHERS, LTD. BARKING, GB, 

vol. 38, no. 4, April 1999 (1999-04). 

pages 319-328, XP004160570 

ISSN: 0144-8617 

abstract 

page 323, column 1, paragraph 4; table 3 

WOOD H L ET AL: "Susc^lblllty of 
Staphylococcus epldermidls blofllm In CSF 
shunts to bacteriophage attack." 
EUROPEAN JOURNAL OF PEDIATRIC SURGERY : 

SE'^JcJftTD?^!'"^!^'- AUSTRIAN ASSOCIATION 
OF PEDIATRIC SURGERY ... 'ET AL« = 
ZEITSCHRIFT FUR KINDERCHIRURGIE. DEC 2001 
vol. 11 Suppl 1, December 2001 (2001-12) ' 
pages S56-S57, XP009030568 
ISSN: 0939-7248 
the whole document 

DOOLITTLE M M ET AL:""^yt1c Infection of 
Escherichia coll b1 of 11ms by bacteriophage 

CANADIAN JOURNAL OF MICROBIOLOGY 
vol. 41, no. 1, 1995, pages 12-18 
XP009030570 . f a * lo, 

ISSN: 0008-4166 
abstract 

SOOTHILL J S: "Bacteriophage prevents 
destruction of skin grafts by Pseudomonas 
aeruginosa." 

'^OU'^NAL OF THE INTERNATIONAL 
SOCIETY FOR BURN INJURIES. JUN 1994 
vol. 20, no. 3, June 1994 (1994-06)! oaaes 
209-211, XP009009002 "o^. Pages 

ISSN: 0305-4179 
abstract 



HANLON GEOFFREY W ET AL: "Reduction In 
exopolysaccharlde viscosity as an aid to 
bacteriophage penetration through 
Pseudomonas aeruginosa blofllms" 
APPLIED AND ENVIRONMENTAL MICROBIOLOGY 
oSL ^' 2001 (2001-06), p4ges 

2746-2753, XP002281200 ^ 
ISSN: 0099-2240 
abstract 

US 5 582 825 A (ABE SHIRO ET AL) 
10 December 1996 (1996-12-10) 
the whole document 
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Relevant to dalin No. 



1-12, 
28-30,41 



13-22, 
31-35, 
42-50 



13-22, 
31-35, 
42-50 



13-22, 
31-35, 
42-50 



13-22, 
31-35, 
42-50 



1-50 



Fom. PCT/ieA«10 (aanUnUBlkm of second sheal) (Januaiy 2004) 



page 2 of 2 



INTERNATlbNAL SEARCH REPORT 



InrormaUen on patent family members 



Patent document 
cited In search report 



Publication 
dale 



PCT/GB2004/000073 



Patent family 
mennber(8) 



PubUcaOon 
date 



US 5582825 



10-12-1996 



UO 
DE 
EP 



9419006 Al 

69324918 T2 
0642795 Al 



01-09-1994 
11-11-1999 
15-03-1995 



Fomi POTA9Af2lO (jpatant faml V armsx) CJanuary 2004) 



